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This project is about the demulsifier formulation by using plant extract to produce a 
green demulsifier. Demulsifier is an oilfield chemical that is used to be injected into 
Water-in-Oil (W/O) emulsion to be separated into water and oil. Current conventional 
demulsifiers that available in markets are likely to give bad impacts towards the 
environment due to high toxic level. The objective of this project is to study and select 
the most suitable plants that have high potential to be used as green demulsifier. This 
project is also to observe, evaluate and develop the performances assessment of the plant 
extracts towards the synthetic emulsion crude sample.  
The plants that used are green tea, olive and coconut because of the fatty acid, 
naphthenic acid and polyphenols content. There are five main processes involved in this 
project which are samples preparation that used Soxhlet Extraction method to extract the 
plants, identification of the plant extract’s compositions using Gas Chromatography 
Mass Spectrometer (GC-MS), static and dynamic bottle test, toxicity level test and 
performance assessment development. In order to provide the significant impact of the 
plant extracts and also as the comparison purpose, the author also formulated blend 
demulsifier from local materials such as starch, camphor, Calcium Hydroxide Ca(OH , 
Sodium Hydroxide NaOH, paraffix wax, liquid soap and distilled water.  
Based on the results obtained from both static and dynamic test, there are six best 
formulations that give good results from all 23 of formulations which are SR1637, B2, 
E2 and E3 which are olive and coconut extract, FE2 and FI1. SR1637 is the industry 
chemical that currently used, B2 is a blend demusifier that consists of NaOH, E3 extract 
and other materials like starch, camphor, paraffin wax, liquid soap and distilled water, 
FE2 is a combination of two best plant extracts which are E2 and E3 and FI1 is the 
combination between E3 and SR1637. In terms of toxicity level, B2 is the most toxic 
demulsifier as the pH value is 12 means that it has alkali property and E3 contain the 
least toxic level as the pH value is 6 that is a neutral demulsifier. From all of these six 




As the conclusion, E3 extract selected to be the most effective green demulsiifer with 
low toxicity level and able to separate water of about 90 % to 95%. Demulsifier is very 
important in oil and gas industry as it is widely used in production phase of oil in order 
to optimize the oil production. This green demulsifier is also very benefit to the 
environment as it is contain 100% of organic materials which is coconut and could 
reduce the harmful effects towards the environment. The cost of producing this green 
demulsifier also low as it is locally available in South East Asia especially Malaysia and 
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1.1 Background of Study 
Oil is produced from the reservoirs in association with the natural formation water and 
could probably mix together with the presence of sufficient agitation to form an 
emulsion. Formation of the emulsion has a very significant effect to the production 
facilities at the surface and the amount of oil recovery and is undesirable. There are 
several techniques must be carried out to break the emulsion, whether by the application 
of heat, mechanical or chemical (Kamaruddin, 2010) [1]. All the techniques to break the 
emulsion are called as demulsification process. In this project, the author will focus on 
the chemical part of demulsification with the project title is “Performance Assessment of 
Plant Extracts as Green Demulsifier”. 
The emulsion is likely to form when there are two immiscible liquids mixed together, 
which is one are dispersed as droplets in the other (Fingas, 2014) [2]. The size of the 
droplets can be of all ranges in size, from large size that are visible to sub micron in size. 
Most of emulsions are thermodynamically unstable. There are possibility and tendency 
for the system and other mechanisms to reduce the interfacial energy and separate the 
water and oil emulsion. 
Demulsifiers are normally polymeric surfactants such as copolymers of polyoxyethelene 
and polypropylene, alkylphenol-formaldehyde resins or blends of various surface active 
substances (Dalmazzone & Noik, 2001) [3]. All these kind of demulsifier have been 
used widely in current industries. Due to the concern towards the environment, the safer 
formulation, less toxic, but as efficient as the conventional demulsifier need to be 
formulated and used instead of the conventional demulsifier. The less toxic demulsifier 
can be termed as “Green Demulsifier”. 
Based on the project title, the author must conduct several experiments in order to 
develop the performance assessment. There are four major processes that involve in this 
project, which are samples preparation that are plant extract samples and synthetic 
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emulsion crude samples. The second process is identifying the presenting of hexane 
group, including methyl-cyclohexane, nitrocyclohexane and cyclohexanecarboxylic acid 
and also Octadecenoic acid in the plant extracts. The next stage is conducting bottle test 
by using synthetic emulsion crude that is heated at 60  to assist the breaking process of 
the emulsion and lastly is the performance evaluation development by using the results 
that obtained from the bottle test by observing the amount and quality of water 
separated, time separation between water and oil with respect to the amount of plant 
extract used. 
Prior to conducting the experiment, the author needs to study about the plants that have 
high potential to be used in this project. Analysis of the compositions of the plants is 
necessary to ensure the performance effectiveness and to minimize the harmful effects 
towards the environment by considering the pH value of that chemical. A chemical that 
has acidic property or with low pH value as well a chemical that has alkaline property or 
with high pH value tend to contain highly toxic (Sharon) [4]. There are three types of 
plants that have been found to have high potential to be used in this project that are 
green tea leaves, olive and coconut. All these plants are readily available in Malaysia. In 
order to provide the significant impact of the plant extracts  and also as the comparison 
towards the emulsion breaking process, the author also formulated blend demulsifier 
from local materials such as starch, camphor, Ca(OH , NaOH, paraffix wax, liquid 
soap and distilled water.  
 
1.2 Problem Statement 
Commercial and conventional demulsifiers that are available in markets proved to give 
good results and effective in separating water in oil emulsion that form in oil and gas 
industry. This conventional demusifier commonly polymeric surfactants such as 
polypropylene, polyoxyethelene and contains methyl benzene. All these compounds are 
harmful when exposed to the environment. Demulsifier is injected at the point of 
injection causing water and oil to be separated. The separated water will undergo further 
treatment before it is discharged to the sea. Sea water and the aquatic marine life is 
exposed to all these chemical substances directly that contain in the water. 
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Land, groundwater and air also can be contaminated by this chemical exposure, which is 
normally caused by chemical spillage that is likely to occur during manufacturing, 
packing, delivering and transferring process. As a conclusion, the main concern that 
leads to this project is the environmental issue. The bad impacts towards the 
environment can be reduced by the formulation of synthetic demulsifier that can be 
termed as “Green Demulsifier”. This “Green Demulsifier” is formulated from the 
extraction of plants as well as blend demulsifier that consists of the materials that is easy 
to get and available in Malaysia. The result of this experiment is compared with the 
conventional demulsifier that currently used in the industry for the performance 
comparison. 
 
1.3 Objectives of the Study 
The objectives of this project are to study the potential of the plants to be used as green 
demulsifiers by extraction process and the potential of those plants to be used in real 
situations as an alternative to the conventional demulsifier by taking account the 
environmental issue. This project also carried out to observe, evaluate and develop the 
performances of the plant extracts towards the synthetic emulsion crude sample. Finally, 
this project is aimed to determine the most effective “Green Demulsifier” based on the 
certain criteria which are the volume of water separated from the crude oil and the time 
for water to be separated from crude oil by considering the amount of the demulsifier 
used.  
 
1.4 Scopes of the Study 
This project requires the author to study and understand the concept of emulsion which 
is focused on the water in oil emulsion including the demulsification process. Prior to 
the experiment in the laboratory, the author is conducted studies and selected three types 
of plants that have high potential to be used as “Green Demulsifier” that, green tea leave 
olive and coconut. The extraction process has taken place in the laboratory to get the 
plant extracts by using a Soxhlet extraction method as well as synthetic water in oil 
emulsion creation. The author also is developing the performance assessment by testing 
the plant extracts and blend demulsifier that consists of local raw materials. Static and 
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dynamic bottle test is conducted in the laboratory by using water bath and also bench 
centrifuge. 
 
1.5 Relevancy and Feasibility 
This project is relevant to the program studied as this project is strongly related with oil 
and gas industry. Demulsifier is one of the important chemicals as it is able to define and 
optimized the amount of oil reserves. This project mainly focused on the green 
demulsifier development and very related with the global current issue in oil and gas 
industry and also other industry as an effort for the environment conservation. 
 
The plants selected used in this project are relevant as that plants are containing fatty 
acid, naphthenic acid and also polyphenols that can react as the surfactant and reducing 
the interfacial tension energy. Eventually the film that surrounding the water droplets is 
broken and separate the emulsion into water and oil.  
 
The equipments chosen in this project also relevant and available in the laboratory such 
as Soxhlet extractor used to extract the plants, rotary evaporator to separate the plant 
extracts from the solvent and bench centrifuge used to run the test in dynamic condition. 
 
In terms of the feasibility of the project, the allocated period is about 28 weeks that are 
within two semesters. Students need to accomplish the project assigned within this 
period. Regarding with this project, the author found that this project is feasible to 














 LITERATURE REVIEW 
2.1 Emulsion  
An emulsion is a mixture of two immiscible liquids whereby one is dispersed as droplets 
in the other. This type of liquid is known as the internal phase, the liquid that surrounds 
the droplets is called as external phase or continuous phase. Emulsion can be divided 
into three types, water in oil (W/O) emulsion, oil in water (O/W) emulsion and 
multiphase emulsion (Lowe, 1937) [5]. The first type of emulsions that is water-in-oil 
(W/O) emulsion where water is the dispersed phase and oil is the continuous phase. This 
type of emulsion often occurred during the production of oil and water. Dehydration 
method can be used in order to treat this kind of emulsion. 
Second type of emulsion is oil-in-water (O/W) emulsion which is oil is the dispersed 
phase and water is the continuous phase. This type of emulsion can be encountered in 
the water that has been separated from the dehydration process. The De - oiling method 
can be used in order to treat this type of emulsion. The last type of emulsion is a multi 
phase emulsion which consists both water in oil emulsion and oil in water emulsion 
simultaneously. This type of emulsion is often occurred in slope of oil systems and 
storage tanks. 
   
 
 
  a) Water-in-Oil Emulsion    b) Oil-in-Water Emulsion       c) Multiphase Emulsion 
Figure 2.1 Types of emulsion 
Considering this phenomenon, emulsions that formed in the petroleum industry are 
predominantly water in oil (W/O) emulsion (Syauqi, 2009) [6]. Emulsions of oil and 
water are one of many problems occurred that directly associated with the petroleum 
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industry, both in oil field production and refinery stage. There are three main conditions 
that encourage the stability of the emulsion, whereby the liquids involved must be 
immiscible, the presence of the emulsifying agent or emulsifier and a sufficient agitation 
is needed to make one liquid is dispersed as droplets in another.  
Emulsions are made up of two or more liquids that will not mix naturally and 
emulsifying agent is needed. In the petroleum industry, the most common emulsifying 
agents found include asphaltenes, solid paraffins, resinous substances, naphthenic and 
other oil soluble organic acids and materials that are soluble, dispersal and wet table in 
oil than water . Materials like zinc, iron, aluminium sulfates, calcium carbonates, silica 
and iron sulfade also found in the emulsions which are often found at the interface 
between the oil and droplets of water in the form of a film around the droplets. 
The flowing wells that produced through chokes, gas lift and air lift can cause emulsion 
problems. The methods of production also contribute to the formation of emulsions. 
Mayonnaise, ice cream, soap and body lotion are the examples of stable emulsions 
(Kokal, 2002) [7]. There are four main factors that affect the stability of the emulsion 
that are viscosity, specific gravity, water percentage and age of emulsion.  
Viscosity of liquids often defined as the resistance to flow. As the viscosity of the liquid 
is getting higher, the resistance of the liquid to flow also is greater and vice versa. Often, 
if a liquid of high viscosity is being heated, the viscosity of the liquid tends to decrease 
and causes the liquid to flow more freely. Oil with high viscosity needs more time for 
the water droplets to coalesce and settle out than the oil with low viscosity. Specific 
gravity and API gravity are two different parameters as the specific gravity of a liquid 
substance is the weight of a given amount of that liquid at a given temperature compared 
to the weight of an equal volume of water at the same temperature. The relationship 
between specific gravity and API gravity can be illustrated by using the formula below. 
API Gravity = - 131.5  … (2.1) 
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Heavy oil with a high specific gravity and low API gravity in water in oil emulsion tends 
to cause the water droplets in suspension longer than the oil with low specific gravity 
and high API gravity.  
Water percentage can be defined as the relative proportion of oil and water produced. A 
small percentage of water that contains in oil will emulsify more thoroughly and 
permanently than a large water percentage. The wells that producing only small 
quantities of water will form a tight emulsion and this emulsion will almost completely 
disappear if the percentage of water is increased beyond a certain limit.  
The crude oil emulsions are the systems that are not in stable equilibrium. Based on the 
laws of thermodynamics, this type of systems will change continually in order to attain 
equilibrium. As a result, the stability of the emulsions will increase with age and the 
resistance to dehydration also increased.  
 
2.2 Theories of Demulsification 
Demulsification is a process of breaking down the emulsion problems through some 
treating methods into water and oil. There are many theories regarding the problem of 
resolving crude oil emulsions such as reverse phase, rigid film, pH, electronic charge, 
temperature and surface tension. 
In the rigid film theory, the present of the reagents is to assist in the emulsion breaking 
process by converting the film from a plastic or can be assumed as distensible envelope 
to a glass like which has a relatively low coefficient of expansion. As the enclosed water 
is undergoing the heating process and expand to be shattered and finally the emulsion is 
broken. Emulsion also can be broken down through neutralization by changing in pH or 
loss of solubility. The efficiency of demulsification is attained at a neutral pH (Azim, et 
al., 2010) [8]. Emulsifying agents are polar bodies which have negative or positive 
charges to function and therefore any bodies that present with opposite charges should 
encourage the emulsion to break. 
Sufficient heat is needed for the state of the film to change. As the film experience an 
increasing heat, the particles that form the film will collide each other and finally the 
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bonding between the particles will break for the emulsion to break. Based on this theory, 
the interface between the dispersed phase and the continuous phase is modified in some 
manner. The liquid that having the greater surface tension will act as the dispersed phase 
and the liquid that having the lower surface tension will act as the continuous phase.  
2.3 Plants Selected 
In this project, plant extracts are used in order to formulate the green demulsifier and 
this plant extraction is tested on the synthetic emulsion crude sample. There are two 
main plant compositions that are able to break the emulsion by specific approaches that 
are hexane group and Octadecenoic acid. Both of these compositions can be found in 
plants like green tea, olive, coconut and most grains. In this project the author will use 
three types of plants that are green tea leaves, olive and coconut. 
These compositions extracted from all of the plants will react as the demulsifier that 
must have surfactant behavior that are able to flocculate the water droplets, able to 
coalesce the water droplets and wet ability of solids (Chester & David, 1996) [9]. In the 
process of breaking the emulsion, there are four stages that involved which are water 
present as small droplets in the oil, flocculation of the water droplets, coalescence of the 
water droplets and finally is the settling down of larger droplets. 
 
 
a) Water Present as Small Droplets in Oil      c) Coalescence of the Water Droplets 
b) Flocculation of the Water Droplets      d) Settling Down of Larger Droplets 
Figure 2.2 Steps of water-in-Oil emulsion breaking process 
In the early stage, the water in oil is present as the small droplets. Once the demulsifier 
is injected into the water in oil emulsion, the demulsifier will travel through the oil to 
reach the water droplets. The emulsifying agent is then displaced by the demulsifier as 
the surface active character. Ultimately the surface tension and interfacial energy of the 
water droplets is lowered. The water droplets then will move toward each other and form 
a b c d 
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flocculation as the surface of the droplets has an affinity to each other. The large water 
droplets resulted from the flocculation process then are coalesced to form larger droplets 
once the droplets are close together. Considering the effect of gravitational energy, the 
coalesced droplets move downwards through the oil and finally settled out at the bottom 
of the treating vessel as the droplets become heavier. 
2.4 Blend Demulsifier Materials 
Blend demulsifiers are being used in this project to be tested with the synthetic emulsion 
crude sample in order to develop the performance assessment and compare the results 
with the plant extracts as well as mix the plant extract with this type of demulsifier if 
necessary. The materials that used to formulate these blend demulsifiers are tapioca 
starch, camphor, Ca(OH , NaOH, paraffin wax, liquid soap and distilled water. Each of 
these materials has specific functions that can cause the water-in-oil emulsion to be 
separated. In fact, the formulation of blend demulsifier able to neutralize the stabilizing 
effect of emulsifying agents that present in the emulsion crude sample (Emuchay, et al., 
2013) [10]. The table below shows the local materials which are from various sources 
with the specific functions. 
Table 2.1 Local materials with specific functions 
No. Materials Function 
1 Starch As a water repellant 
2 Camphor As a solid wetting and viscosity adjuster 
3 Ca(OH / NaOH As a flocculants 
4 Paraffin wax As a water repellent 
5 Liquid soap As a surfactant that gives good interface 
6 Distilled water As a solvent 
  
Chemically, both NaOH and Ca(OH  have some important differences. Ca(OH  or 
also called as slaked lime is a white powder that has two hydroxyl groups (Barekatain, 
Hasheminia, & Attary, 2012) [11]. Meanwhile, NaOH is a colorless crystal that has one 
hydroxyl group. Due to this difference in structural formula, both of these chemicals are 
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being mixed in two different formulations in order to observe which one is the best 
























METHODOLOGY / PROJECT WORK 
3.1 Methodology 
In order to complete this project, there are five main processes involved which are 
samples preparation, plant extracts compositions identification, static and dynamic bottle 
test, toxicity level test and performance assessment development.  
In samples preparation process, there are three types of samples is prepared which are 
plant extracts by using soxhlet extractor, blend demulsifier samples and also synthetic 
water-in-oil emulsion. The compositions of the plant extracts is identified by using Gas 
Chromatography Mass Spectrometer (GC-MS) and for this purpose, the samples are sent 
to the central laboratory. In experimentation process, all of the formulations is tested 
both in static and dynamic condition. All the formulations is divided into five main 
groups which are conventional demulsifier, plant extracts,  blend demulsifier, 
combination between two best plant extracts and also combination between the best 
plant extracts and the best conventional demulsifier. 
In order to identify the toxicity level of the formulations, there are two tests carried out 
which are aquatic toxicology test and also pH value test. Finally is the performance 
assessment development process. At this stage, there are four main criterias that 
considered such as the volume of water separated, the time taken for water and oil 
















E1 = Green tea extract  B1 = Blend demulsifier using Ca(OH  
E2 = Olive extract   B2 = Blend demulsifier using NaOH 
E3 = Coconut extract 
Figure 3.1 Flow chart for experiment design
SR 1637 
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Combination of two best 
extracts 
80%  +  20% (FE1) 
70% +  30% (FE2) 
60% +  40% (FE3) 
50% +  50% (FE4) 
40% +  60% (FE5) 
30% +  70% (FE6) 
20% +  80% (FE7) 
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+ Best of green demulsifier 
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40%  +  60% (FI5) 
30% +  70% (FI6) 








Replace E3 extracts with 
the other best extracts, 
B3 
B 1 (+E3) 
B 2 (+E3) 




3.2 Project Activities 
This project involves some processes that must be carried out such as plant extraction 
process, identification of plant extracts compositions, preparation of the blend 
demulsifier sample, preparation of synthetic emulsion crude sample, static bottle test, 
dynamic bottle test and performance evaluation. 
 
 3.2.1 Plant Extraction Process 
In this process, the plant leaves are dried in the oven for about 12 hours, while the 
temperature is maintained at 60 . The leaves are ground until become powder by using 
mortal grinder.The plant powder is extracted by using Soxhlet extraction where the plant 
powder is located in the Soxhlet Thimble and ethanol is used as the solvent that placed 
in the round bottom flask. The estimated amount of ethanol that is used is 6ml for 1g of 
plants. The extraction process would take around 24 hours. The plant extractions then 
separated from ethanol by using a rotary evaporator with the parameters used are 
100rpm at 60 -70 . This separation process would take about 30 minutes. The plant  
extraction undergone composition identification using Gas Chromatography Mass 
Spectrometer (GCMS). The plant extracts are named as E1 for green tea extract, E2 for 








a) Plant extraction before one cycle            b) Plant extraction after one cycle 












Figure 3.3 Separation of plant extracts from the extraction solvent (ethanol) by using 
a rotary evaporator 
 3.2.2 Identification of Plant Extracts Compositions 
Identification of plant extract compositions is made by using Gas Chromatography-Mass 
Spectrometer. In this gas chromatography analysis, the temperature of the oven is 
maintained at 100  for 5 minutes. The temperature is increased up to 375  at a rate of 
20 /min and is maintained for 5 minutes. The injector temperature is about 350  and 
the transfer line temperature is about 300 . For this test, the plant extract samples are 
sent to the block P. 
 
 3.2.3 Preparation of Blend Demulsifier Sample 
Two different blend demulsifier formulations that consist of seven local materials 
whereby each having its own specific functions is prepared. First formulation of blend 
demulsifier is consists of E3, starch, camphor, flocculants Ca(OH)2, paraffin wax , 
liquid soap and distilled water that is formulated in percentage basis and named as B1. 
Another blend is formulated by using NaOH instead of Ca(OH)2 and named as B2. The 
main objective of this blend demulsifier samples preparation is to determine the effect of 
adding Ca(OH)2 and NaOH towards the parameters measured since both are good as 
flocculent but with different hydroxyl group number. Besides, the other objective is to 
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determine the effect of E3 towards the parameters measured since E3 extract is the best 
dehydrating agent compared with the other two extracts. 
These two formulations is tested with the synthetic emulsion crude samples. 
Formulation that gives good results will further formulated by replacing the E3 extract 
with the other two plant extracts that will give the best result either E1 or E2 extract. For 
example, if sample B1 shows good result, sample B2 is ignored and the sample for B1 is 
further formulated by replacing the E3 extract with the plant extract that will give the 
best result that is either E1 or E2 extract. The formulation for blend demulsifier samples 
is provided in the APPENDIX II. 
 
 3.2.4 Preparation of Synthetic Water-in-Oil Emulsion Sample 
Synthetic water in oil emulsion crude sample is prepared to be used for the testing 
purposes. The testing is conducted by adding the formulated demulsifiers. There are two 
main materials that is used to prepare this sample which are crude oil and brine water of 
90,000 ppm.This synthetic water in oil emulsion has been formulated by mixing 50% 
crude oil and 50% brine water. The mixture is then being stirred for about 20 minutes in 
order to make it well mixed. The emulsion is filled in the centrifuge tube for about 25ml 












 3.2.5 Static Bottle Test 
Static bottle test is carried out to get the results for the emulsion breaking process in the 
static condition. Before the test begins, the synthetic emulsion crude sample is placed in 
the water bath first at 60  for 10 minutes in order to assist the separation of the 
emulsion and also to simulate it with the actual condition temperature. In this test, 0.5 ml 
of demulsifier sample is injected into 25 ml of emulsion samples and labels it with the 
name of the demulsifier injected.  
The centrifuge tube is closed and is shaken manually for 100 times continuously. After 
shaking, the sample is kept in the water bath again. The amount of water and oil 
separated is measured at 10 minutes, 30 minutes, 60 minutes and 120 minutes. The 
results obtained are recorded on the result sheet. The experiment is repeated with 1.0 ml 








Figure 3.5 Static bottle test 
 3.2.6 Dynamic Bottle Test 
Generally, the process for the dynamic bottle test is almost the same with the static 
bottle test which is carried out to get the results for the emulsion breaking process but in 
dynamic condition. In this test, 0.5 ml of demulsifier sample is added into the centrifuge 
tube that contain the synthetic emulsion crude sample of 25 ml and the centrifuge tube is 
immersed in the water bath for 10 minutes at the operating temperature that is 60 . The 
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injected sample is put in the bench centrifuge and spun for 10 minutes at 2000rpm. The 
column separation of water from the crude is read and recorded immediately after the 
bench centrifuge is stopped. The experiment is repeated with 1.0 ml and 1.5 ml of 








Figure 3.6 Dynamic bottle test by using a bench centrifuge 
 3.2.7 Toxicity Level Test 
Since the objective of this project is to come out with a green demulsifier formulation, 
the measuring process of the toxicity level of the demulsifiers formulated is necessary. 
In this part, the author have used two techniques which are using fish or known as 
Aquatic Toxicology Tests and the pH value test. 
Aquatic Toxicology Test is carried out by filling a container with 100 ml of tap water 
and is injected with 0.5 ml of the demulsifiers formulated. A fish is placed in that 
container and the time taken for the fish to die is recorded in minutes. pH value test is 
carried out as a confirmation test for the previous test, Aquatic Toxicology Test. This 
test is done by immersed the pH paper into the water that already injected with the 












Figure 3.7 Aquatic toxicology test 
 3.2.8 Performance Evaluation 
This project requires the author to develop the performance assessment and evaluation 
of the testing conducted. There are four main parameters observed and evaluated at this 
stage such as the amount of the water separated, the quality of the water separated, the 
separation time between water and oil and the amount of extracts used. All these 
parameters also depend on the test condition either static or dynamic.  










0 min 10 min 30 min 60 min 120 min 
1 
       
 
2 
       
 
3 
       
 
 
Table 3.2 Example of result sheet for dynamic bottle test 
No Products 
Demulsifier dosage, ml 
Water quality 
0.5 1.0 1.5 
1 
     
2 
     
3 




3.3 Key Project Milestone 
Table 3.3 Key project milestone 
Suggested Milestone Week 
Early research development: Involve research background, scope of 
studies and assumptions, information gathering and identify the tools and 
materials needed 
1-9 
Middle research development: Involve development of the procedure, 
requesting for materials and equipments and conducting the experiment. 
10-23 
Final research: Involve the analyzing process of the results obtained from 
the experiment, finalizing the result and completing the documentation. 
24-26 
 
3.4 Project Timeline (Gantt Chart) 












 Suggested Milestone Process. 
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3.5 Tools and Materials 
Table 3.5 shows the main tools that are required for the experiment conducting for this 
project. 
Table 3.5 Main tools required for experiment 
No Tools 
1 Soxhlet thimble, water bath, oven 
2 Mortal grinder 
3 Rotary evaporator, 
4 Bench centrifuge 
5 Gas Chromatography-Mass Spectrometer (GCMS) 
 
 
Table 3.6 shows the main materials that are required to carry out the testing. 
Table 3.6 Main materials required to carry out the testing 
No. Materials 
1 Crude oil 
2 Brine water, 0.9% 
3 Coconut extract 
4 Starch 
5 Camphor 
6 Green tea 
7 Ca(OH  
8 NaOH 
9 Paraffin wax 
10 Distilled water 
11 Ethanol 






RESULTS AND DISCUSSION 
4.1 Static Bottle Test 
The results that obtained are recorded on the result sheet. The author has divided the test 
into six parts that are static bottle test for conventional demulsifiers, static test for plant 
extracts, static test for blend demulsifiers, static test for blend demulsifier by replacing 
the E3 extract with the best plant extract, static test for combination of E3 and the best 
plant extract as well as static test for combination of the best conventional demulsifier 
with the best green demulsifier formulations. Tables below show the results obtained.  
 




Volume of separated water (ml)  
Water 










1 SR 1637 
0.5 0 9 11 12 12.5 Clear 
1.0 0 9 12 12 12.5 Clear 
1.5 0 10 10 11 12 Clear 
2 OFC 05 G 
0.5 0 1 5 7 9 Hazy 
1.0 0 3 5 9 9 Hazy 
1.5 0 3 7 9 10 Slighly hazy 
3 OFC 08 K 
0.5 0 3 3 5 7 Hazy 
1.0 0 3 3 6 9 Hazy 





































Types of conventional demulsifier
0.5 ml 1.0 ml 1.5 ml
 
Figure 4.1 Bar chart of volume of water separated for three types of conventional 
demulsifier after 120 min 
 
Based on the table and bar chart above, SR 1637 gives the best results compared with 
the other two conventional demulsifiers where the amount of water separated after 120 
minutes is around 12.5 ml of water being separated. The water quality is also excellent 


















Volume of separated water (ml)  
Water 
quality  










0.5 0 0 0 0 1 Very hazy 
1.0 0 0 0 0 1 Very hazy 
1.5 0 0 0 0 1 Very hazy 
2 E2 
0.5 0 9 9 9 10 Clear 
1.0 0 9 10 10 10 Clear 
1.5 0 8 9 9 10 Clear 
3 E 3 
0.5 0 10 10 11 11 Clear 
1.0 0 10 10 11 11 Clear 






























Plant extracts of E1, E2 and E3
0.5 ml 1.0 ml 1.5 ml
 
Figure 4.2 Bar chart of volume of water separated for three types of plant extracts 




Based on the table and bar chart above, E2 and E3 extracts offer better results where the 
final separated volume of water are 10ml and 11ml respectively for the entire dosage. 
The E1 extract does not show a significant impact towards the emulsion separation. The 
quality of water separated also is clear for E2 and E3 extract compared with the green 
tea extract that produce a very hazy water quality. In terms of the interface between oil 
and water, both E2 and E3 extracts were also able to give a sharper interface than green 
tea extract. This means that E2 and E3 are good dehydrating agents and are thus selected 
for further testing by using both plant extracts to formulate the blend demulsifier. 
Overall, E3 extract is the best plant extract. 
 




Volume of separated water (ml) 
Water 










1 B 1 
0.5 0 5 8 8 10 Slightly hazy 
1.0 0 3 6 7 7 Slightly hazy 
1.5 0 4 6 6 7 Slightly hazy 
2 B 2 
0.5 0 7 10 11 11 Clear 
1.0 0 3 4 4 8 Clear 































Blend demulsifier of B1 and B2
0.5 ml 1.0 ml 1.5 ml
 
Figure 4.3 Bar chart of volume of water separated for two types of blend 
demulsifier after 120 min 
 
There are two blend demulsifier formulations that have been tested that are B1, which is 
contained Ca(OH  and B2 which contained NaOH. Based on the results obtained, B2 
formulations have given the best results, but as the dosage is increased, the separation 
efficiency decreases. This is because Ca(OH  is incompatible with the crude oil 
compared with NaOH. This is means that the formulation formed precipitation in the 
emulsion and do not spread well throughout the emulsion. This situation is good as it is 
economical feasible. The lower the amount of the demulsifier needed to separate water 
and oil effectively, the less expenditure is incurred to treat the emulsion. In terms of 
separated water quality, water that separated by using B2 formulations is clearer 












Volume of separated water (ml) 
Water 










1 B 3 
0.5 0 3 7 7 10 Clear 
1.0 0 6 7 7 7.5 Slightly hazy 





























Blend demulsifier of B3
0.5 ml 1.0 ml 1.5 ml
 
Figure 4.4 Bar chart of volume of water separated for blend demulsifier by using E2 
extract after 120 min 
Table and bar chart above shows the results obtained for B3. B3 is the blend formulation 
where the E3 extract is being replaced by E2 extract. Based on the results above, it is not 
promising compared with the blend demulsifier that contain E3 extract since the quality 






















1 FE 1 
0.5 0 8 9 9 11 Clear 
1.0 0 8 8 9 11 Clear 
1.5 0 7 7.5 7.5 10 Clear 
2 FE 2 
0.5 0 8 9 10 11 Clear 
1.0 0 7 10 11 11 Clear 
1.5 0 7 7 10 11 Clear 
3 FE 3 
0.5 0 8 9 9 9 Clear 
1.0 0 2 5 9 10 Slightly hazy 
1.5 0 7 8 8 8 Slightly hazy 
4 FE 4 
0.5 0 1 7 9 9 Clear 
1.0 0 2 5 8 9 Slightly hazy 
1.5 0 2 8 8 9 Slightly hazy 
5  FE 5 
0.5 0 1 6 8 8 Slightly hazy 
1.0 0 3 8 8 10 Slightly hazy 
1.5 0 5 5 8 8 Slightly hazy 
6 FE 6 
0.5 0 2 4 4 5 Slightly hazy 
1.0 0 3 5 5 5 Slightly hazy 
1.5 0 1 2 3 5 Slightly hazy 
7 FE 7 
0.5 0 7 10 10 10 Clear 
1.0 0 8 9 9 11 Clear 































Formulations of plant extracts
0.5 ml 1.0 ml 1.5 ml
 
Figure 4.5 Bar chart of volume of water separated for mixture of plant extracts  
(E2 and E3) after 120 min 
 
Table and bar chart above shows that the results for the formulations of E2 and E3 that 
mixed together in order to determine either the separation of water and oil can be 
enhanced further since based on the previous results that both of these extracts are very 
good and promising. Based on the results above, it is not consistent since these 
formulations only show the best result at a higher percentage of E2 or E3. For instance, 
the results are good for the formulations that contain 80% - 70% of E3 and 80% - 70% 
E2. For the formulations that contain almost half of each of the chemicals, the results are 
not performing well enough as these both chemicals is not compatible and not suitable to 
be mixed. Based on the results above, FE2 which are contain 70% of E3 and 30% of E2 
























1 FI 1 
0.5 0 9 10 11 11 Clear 
1.0 0 10 11 11 11 Clear 
1.5 0 9 9 10 11 Clear 
2 FI 2 
0.5 0 9 10 11 11 Clear 
1.0 0 7 9 9 11 Clear 
1.5 0 10 10 11 11 Clear 
3 FI 3 
0.5 0 8 9 10 10 Clear 
1.0 0 8 8 8 11 Clear 
1.5 0 8 9 9 10 Clear 
4 FI 4 
0.5 0 4 5 7 8 Clear 
1.0 0 4 5 7.5 9 Clear 
1.5 0 5 6 8 9 Clear 
5  FI 5 
0.5 0 5 7 9 9 Clear 
1.0 0 7 8 10 10 Clear 
1.5 0 5 6 8 8 Slightly hazy 
6 FI 6 
0.5 0 8 9 10 10 Clear 
1.0 0 9 9 10 10 Clear 
1.5 0 9 9 9 10 Clear 
7 FI 7 
0.5 0 5 6 8 9 Clear 
1.0 0 7 7 9 9 Clear 































Formulations of plant extract with conventional demulsifier (E3 and SR 1637)
0.5 ml 1.0 ml 1.5 ml
 
 Figure 4.6 Bar chart of volume of water separated for mixture of plant 
extracts with conventional demulsifier (E3and SR 1637) after 120 min 
 
Table and bar chart above shows the formulations for the combination of the best green 
demulsifier, E3 with the best conventional demulsifier, SR 1637. The results obtained 
are almost same with the results in the previous table where it is good for the 
formulations that contain 80% - 70% of E3 and 80% - 70% of SR 1637. For the 
formulations that contain almost half of each of the chemicals, the results are also not 
performing well enough as these both chemicals is not compatible and not suitable to be 
mixed. Based on the results above, FI1 which are contain 80% of E3 and 20% of SR 

























1 SR 1637 
0.5 0 9 11 12 12.5 Clear 
1.0 0 9 12 12 12.5 Clear 
1.5 0 10 10 11 12 Clear 
2 E 2 
0.5 0 9 9 9 10 Clear 
1.0 0 9 10 10 10 Clear 
1.5 0 8 9 9 10 Clear 
3 E 3 
0.5 0 10 10 11 11 Clear 
1.0 0 10 10 11 11 Clear 
1.5 0 10 10 11 11 Clear 
4 B 2 
0.5 0 7 10 11 11 Clear 
1.0 0 3 4 4 8 Clear 
1.5 0 2 3 3 5 Clear 
5  FE 2 
0.5 0 8 9 10 11 Clear 
1.0 0 7 10 11 11 Clear 
1.5 0 7 7 10 11 Clear 
6 FI 1 
0.5 0 9 10 11 11 Clear 
1.0 0 10 11 11 11 Clear 

































0.5 ml 1.0 ml 1.5 ml
 
Figure 4.7 Bar chart of volume of water separated for the best demulsifier 
formulations after 120 min 
 
Table and bar chart above shows the results of volume of water separated for six best 
demulsifier formulations that are SR 1637, E2, E3, B2 FE2 and FI 1. SR 1637 is not 
selected for the final formulations since it is from industry and is highly toxic. Based on 
the results, E3, FE 2 and FI 1 give the best results that are around 11 ml of water 
separated after 120 minutes for all dosages. These best three demulsifiers will further 
analyzed based on the dosages and the volume of water separated at 0 minute, 10 




Figure 4.8 Graph of volume of water separated (ml) against time (min) for the best 
demulsifier formulations for 0.5 ml 
 
Graph above shows that the volume of water separated within 10 minutes of time for 
demulsifier dosage of 0.5 ml as the normal time allocated for the emulsion to separate in 
the system is only 10 minutes and below. Based on the graph above, E3 gives a good 
performance that is around 10 ml of water separated compared with FE2 and FI1which 
can separate the water for about 9 ml and 8 ml. Based on the industry condition, E3 





Figure 4.9 Graph of volume of water separated (ml) against time (min) for the best 
demulsifier formulations for 1.0 ml 
 
Graph above shows that the volume of water separated within 10 minutes of time for 
demulsifier dosage of 1.0 ml. The results show different trending with the previous  
results. As 1 ml of demulsifiers added into the emulsion, E3 and FI 1 give good results 
as the water separated from both demulsifiers is 10 ml and the result for FI 2 is going 
down from 8 ml to 7 ml. This is because the amount of the demulsifier has exceed the 
point of injection amount and the exceess amount will the cause the demulsifier to 
coagulate and do not spread well throughout the emulsion. The results for this 





Figure 4.10 Graph of volume of water Separated (ml) against time (min) for the best 
demulsifier formulations for 1.5 ml 
 
Graph above clearly shows that E3 give the best performance compared with FE 2 and 
FI1. It can be finalized that E3 individually is the best extract that can separate water and 
oil as it is able to act as a surfactant and also as an interface corrector. Meanwhile, FI 1 
is the second option or second candidate to be selected as green demulsifier as the results 
for all dosages of FI1 is not stable. This is because, this demulsifier is formulated by two 
types of plant extracts and the extracts is not well mixed due to the different in density 
and immiscible. As the demulsifier in added into the emulsion, the extracts is reacted 
individually with the emulsion in their own way. Based on these both demulsifiers, E3 is 
the most suitable demulsifier to be selected as it is likely to have the lowest toxicity level 
as it is 100% organic. Meanwhile, FI 1 was blended with some amount of SR 1637 that 





4.2 Dynamic Bottle Test 
Table 4.8 Results for demulsifier formulations for dynamic bottle test 
No Products 
Demulsifier dosage, ml 
Water quality 
0.5 1 1.5 
Conventional demulsifier 
1 SR 1637 8 11 11 Clear 
2 OFC 05 G 3 3 6 Clear 
3 OFC 08 K 3 5 6 Clear 
Plant extracts 
4 E 1 1 1 3 Clear 
5 E 2 8 7 10 Clear 
6 E 3 10 11 11 Clear 
Blend demulsifier 
7 B 1 5 6 6 Clear 
8 B 2 8 7 5 Clear 
9 B 3 5 5 3 Clear 
Formulations of two best plant extracts 
10 FE 1 9 10 8 Clear 
11 FE 2 9 10 10 Clear 
12 FE 3 5 5 7 Clear 
13 FE 4 5 4 6 Clear 
14 FE 5 6 8 6 Clear 
15 FE 6 3 5 7.5 Clear 
16 FE 7 5 6 8 Clear 
Formulation of plant extract with conventional demulsifier 
17 FI 1 8 10 10 Clear 
18 FI 2 7 9 10 Clear 
19 FI 3 6 7 8 Clear 
20 FI 4 6 7 7.5 Clear 
21 FI 5 4 5 4 Clear 
22 FI 6 7 9 9 Clear 




 Table above shows the results of the demulsifier formulations that have been tested in 
dynamic condition test by using a bench centrifuge for 10 minutes. Similar with the 
static bottle test, the test is divided into several groups which are conventional 
demulsifier group, plant extract group, blend demulsifier group, formulation of plant 
extract group and finally is the group of formulation of a plant extract with conventional 
demulsifier. The formulations that give the best result from each group is selected for 
further analysis. Based on the table above, there are six best formulations that give good 





























0.5 ml 1.0 ml 1.5 ml
 
Figure 4.11 Bar chart of volume of water separated for the best demulsifier  
 
Figure above shows the results of the best demulsifier formulations for dynamic bottle 
test. Based on the bar chart, it is obviously that SR 1637 and E3 are the best demulsifiers 
as they are able to separate the water almost 85% to 90%. SR 1637 is not selected in this 
project as it is highly toxic and automatically E3 formulation is selected as the best green 






4.3 Results for Plant Extract Compositions Identification 
Identification the compositions of plant extracts is done by using Gas Chromatography-
Mass Spectrometer (GC-MS). Based on the results obtained, all of the plant extracts 
contain high fatty acid, naphthenic acid and polyphenols compositions that can reduce 
the interfacial tension energy. There are about 5.553% of hexane and 3.000% of 
Octadecenoic acid composition in E1 extracts. Meanwhile, in E2 extracts, there are 
33.943% of hexane and 9.106% of Octadecenoic acid group compositions. E3 extract 
contains about 1.787% of hexane and 3.642% of Octadecenoic acid. There are also other 
compositions that contain in these plants but not much of them. Full results for plant 
extract composition identification is provided in the APPENDIX III indicated by GTE 
for green tea extract, OOE for olive extract and CE for coconut extract. 
 
4.4 Analysis of Toxicity Level of the Best Demulsifier Formulations 
Table 4.9 Toxicity levels of the best demulsifier formulations 
No Products SR 1637 E 2 E 3 B 2 FE 2 FI 1 
1 
Time for 
the fish to 
die, min 
10 107 110 8 90 60 

























































pH = 5 
 
Table above shows the results of the toxicity level test by observing the effect of the 
demulsifiers on the fish by monitoring the time taken for the fish to die and the pH value 
of the chemicals. The fishes are placed in different containers filled with water injected 
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with different demulsifiers. Based on the table, the time taken for the fish that placed in 
container that injected with SR 1637 and B2 were taking short time to die which are 
only 10 minutes and 8 minutes respectively as both demulsifiers are highly toxic. B2 is 
containing NaOH and has alkali property. Meanwhile, fishes that are placed in the 
container that filled with water that injected with E2 and E3 is longer time to die. This is 
because the pH value of these demulsifiers is almost neutral that is around 6 to 7.  
The acidity and alkalinity of these demulsifiers can be confirmed by using litmus paper. 
The results that obtained from the pH test show that SR 1637 have a pH value of 3 that 
is high acidic and the pH value for B2 is 12 that is high alkali content. Meanwhile, the 
pH value for both E2 and E3 is 6 that are almost neutral.  
High pH levels which is 9 to 14 can harm fish by denaturing cellular membrans. This is 
because, most ammonium that contain in the water is converted to toxic ammonia. 
Meanwhile, if the pH of the water is too low, the metals from the rock or sediments in 
the stream is released rapidly and these metals can affect the fish’s metabolism and 














CONCLUSION AND RECOMMENDATION 
5.1 Conclusion 
As a conclusion, this project has focused on the breaking of the emulsion crude in order 
to increase the oil recovery by using demulsifier with respect to the environmental issue. 
The author used three types of plants which are green tea leaves (E1), olive (E2), and 
coconut (E3) extracts by considering all the compositions and the capability in resolving 
emulsion. In order to develop and complete the performance assessment, static bottle 
tests and dynamic bottle test are carried out. There are four parameters that are 
evaluated, the amount of the water separated, the quality of the water separated, the 
separation time between water and oil and the amount of demulsifier used.  
Based on the results obtained, the author has concluded that E3 extract is the best extract 
that can separate oil and water effectively within the time range and also able to show 
clear water which means that maximum amount of water is extracted from the oil. This 
E3 extract cannot be added or mixed with other extracts for formulation as the 
effectiveness is reduced. This is because, E3 extract is not compatible enough to be 
tested together with other extracts or formulations as the interface that formed is not 
sharp and the water separation also is not at the maximum level. 
 
5.2 Recommendation 
There are three recommendations of this project for future improvement. In order to find 
the best plant extracts, different parts of plants can be used such as the leaves part, fruit, 
seed and bark since each part of the plants contains different chemical compositions.  
The second recommendation for this project is regarding the synthetic emulsion 
formulation. In this project, the author only uses 50%-50% of synthetic emulsion 
formulations. For future development, the author recommends for different formulations 
such as, 80%-20% (80% oil +20% water) and 30%-70% (30% oil + 70% water) in order 
to see the effectiveness of the plant extracts towards different formulations of emulsion.  
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In order to get more reliable results, the static and dynamic test can be conducted by 
using the actual crude emulsion sample from the actual field. That kind of emulsion can 
be requested from the industrial companies. The test also should be conducted at 
different temperatures where ranging from 50⁰C until 65⁰C since the operating 
temperature at the real field is between this range. 
The third recommendation is to determine the toxicity level of the demulsifier by 
measuring the parameters like molecular weight, log kow, henry’s law constant and 
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Table A-1: Demulsifier formulations design 
No. Experimental code Formulation 
1 E1 Plant extract for green tea 
2 E2 Plant extract for olive 
3 E3 Plant extract for coconut 
4 
B1 10% E3+ 10% Starch + 20% Camphor + 20% Ca(OH)2 + 
20% Paraffin wax + 20% Liquid Soap 
5 
B2 10% E3 + 10% Starch + 20% Camphor + 20% NaOH + 
20% Paraffin wax + 20% Liquid Soap 
6 
B3 10% E2 + 10% Starch + 20% Camphor + 20% NaOH + 
20% Paraffin wax + 20% Liquid Soap 
9 FE1 80% E3 + 20% E2 
10 FE2 70% E3 + 30% E2 
11 FE3 60% E3 + 40% E2 
12 FE4 50% E3 + 50% E2 
13 FE5 40% E3 + 60% E2 
14 FE6 30% E3 + 70% E2 
15 FE7 20% E3 + 80% E2 
16 FI1 80% E3 + 20% SR 1637 
17 FI2 70% E3 + 30% SR 1637 
18 FI3 60% E3 + 40% SR 1637 
19 FI4 50% E3 + 50% SR 1637 
20 FI5 40% E3 + 60% SR 1637 
21 FI6 30% E3 + 70% SR 1637 






































Figure B-1 Graph of volume of water separated (ml) against time (min) for 


































Figure B-2 Graph of volume of water separated (ml) against time (min) for 


































Figure B-3 Graph of volume of water separated (ml) against time (min) for 















Full Results for Plant Extracts Compositions Identification 
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